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PATENT 

Attorney Docket No.: 15662-000900US 

PHARMACOLOGICAL INDUCEMENT OF THE FED MODE FOR 
ENHANCED DRUG ADMINISTRATION TO THE STOMACH 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 This invention is in the general field of pharmacology, and relates in 

particular to oral dosage formulations that deliver drugs by controlled release in the 
stomach for a prolonged period of time. 

2. Description of the Prior Art 

Many drugs have their greatest therapeutic effect when released in the 

10 stomach, particularly when the release is prolonged in a continuous, controlled manner. 
Drugs delivered in this manner cause less side effects and provide their therapeutic effects 
without the need for repeated dosages, or with a low dosage frequency. Localization of 
the drug delivery in the stomach is an advantage for the treatment of local disorders of the 
stomach such as esophageal reflux disease, for the eradication of ulcer-causing bacteria in 

1 5 the gastric mucosa, and for the treatment of disorders that require sustained antacid 
action. Sustained release in the stomach is also useful for therapeutic agents that the 
stomach does not readily absorb, since sustained release prolongs the contact time of the 
agent in the stomach or in the upper part of the small intestine, which is where absorption 
occurs and contact time is limited. Under normal or average conditions, for example, 

20 material passes through the small intestine in as little as 1 to 3 hours. For drugs that are 
absorbed almost exclusively in the small intestine, such as captopril and the 
cephalosporins, this short contact time limits the bioavailability of these drugs, 
particularly when the drugs are administered in a controlled-release dosage form. 

The passage of matter through the stomach can be delayed in the normal 

25 digestive process by the physiological condition that is variously referred to as the 

digestive mode, the postprandial mod e, or the "fed m ode" (the latter term is used in the 
remainder of this specification for convenience). When the stomach is not in this mode, it 
is in the interdigestive or "fasting" mode. The difference between the two modes lies in 
the pattern of gastroduodenal motor activity. 

30 In the fasting mode, the stomach exhibits a cyclic activity called the 

interdigestive migrating motor complex (IMMC). This activity occurs in four phases: 
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In Phase I, which lasts 45 to 60 minutes and is the most quiescent, few or 

no contractions occur. 
In Phase II, irregular intermittent sweeping contractions occur that 

gradually increase in magnitude. 
5 In Phase III, intense bursts of peristaltic waves appear in both the stomach 

and the small boweL This lasts for 5 to 15 minutes. 
Phase IV is a transition period of decreasing activity which lasts until the 

next cycle begins. 

The total cycle time is approximately 90 minutes, and the contents of the 

10 stomach are swept out by the powerful peristaltic waves that occur during Phase III. 

Phase III of the IMMC thus functions as an intestinal housekeeper, sweeping swallowed 
saliva, gastric secretions, food particles, and particulate debris to the small intestine and 
colon, and preparing the upper tract for the next meal while preventing bacterial 
overgrowth. Pancreatic exocrine secretion of pancreatic peptide and motilin also cycle in 

1 5 synchrony with the motor pattern. 

The fed mode is induced by nutritive elem ents immediately ^after food 
ingestion, and begins with a rapid and profound change in the motor pattern of the upper 
gastrointestinal GI tract, the change occurring over a period of 30 seconds to one minute. 
The change occurs almost simultaneously at all sites of the GI tract, before the stomach 

20 contents have reached the distal small intestine. Once the fed mode is established, the 

stomach generates 3-4 continuous and regular contractions per minute, similar to those of 
the fasting mode but of about half the amplitude. The pylorus is partially open, causing a 
sieving effect in which liquids and small particles flow continuously fro m the stomach 
into the intesti ne while indigestible particles greater i n size than the^y loric^g^iingjTe 

25 retropelled and retained in the stomach. This sieving effect thus causes the stomach to 

retain particles exceeding about 1 cm in size for^pgroxmately 4 to 6 hours. f'O GjK /\~9; 

The minimum particle size that will be retained in the stomach is thus 
substantially smaller in the fed mode than in the fasting mode. Particles large enough to 
be retained in the fasting mode are too large for practical administration in most patients. 

30 Particles of a smaller particle size can be retained in the stomach if they are administered 
to a patient who is in the fed mode, and this serves as an effective and feasible means of 
prolonging the residence time of these particles in the stomach. 

While onset of the fed mode is normally caused by the ingestion of a meal, 
the use of a meal as a means of prolonging the residence time of a drug in the stomach 
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has certain disadvantages. One disadvantage is a lack of reliability, since although a 
variety of nutritive elements are capable of inducing the fed mode, different individuals 
consume meals of different compositions, some inducing the fed mode more easily and 
for different durations than others. Another disadvantage is that many drugs are 
5 adversely affected by the presence of food in the stomach. Thus, a meal-induced fed 
mode can increase the absorption of some drugs, while decreasing the absorption of 
others. These disadvantages are avoided by inducing the fed mode through means other 
than the ingestion of a meal. 

While the fed mode promotes the retention of relatively small particles in 
10 the stomach, there are still many patients for whom even these particles are too large to be 
comfortably ingested. For these patients, particles that are initially small enough for 
c omfortable inge stion .an^wgll jto a larger size u pon^^ iri^the 
stomach c an be used . The swelling can occur as a re sult of hydration of the particle 
materia^ upon absolution ^waterJFrom the gastric flmd. ^femativ^, the swelling can 
1 5 occur as a result of gas generation, such as carbon dioxide for example, by contact of 
gastric fluid with the dosage form, the gas generation occurring in a membrane bag or 
otherwise within the dosage form. A still^^ ^LeTdl^mari ^ is the use of Al^RgJabjgL 
held in a compres sed condition by mechanic al tension within a small caps ule and released 
to expand to its full relaxed size when the capsule contacts g^hicjnuid. Whether the 
20 particles are large enough for fed mode retention before they are ingested or reach that 
size by swelling or expansion in the stomach, it is important that the particles retain their 
size while the drug is released into the gastric fluid. Thus, release of the drug must not 
itself cause the particle to shrink below the minimum size required for retention in the fed 
mode. Also, the quantity of drug in the formulation should be controllable independently 
25 of the particle size. Thus, while the particles must be large enough to be retained in the 
stomach and contain enough inert carrier to maintain their size during drug release, there 
should be no need for the patient to ingest a large number of particles to achieve the 
needed drug dose. 

The need for administering and maintaining particles of appropriate size 
30 has been addressed by United States Patent No. 5,007,790 ("Sustg^ 

Dosage form," Shell, inventor, April 16, 1991). This patent discloses particle-form oral 



drug delivery systems in which the particles are small when t^en^orally b ut swefljnjhe 
g a gtri£ jlllid^ Swelling to this size requires 

approximately two hours. Retention of the particles in the stomach while they are 



swelling requires that the patient be in the fed mode when the drug is administered, or at 
least that the swelling occur before the Phase III IMMC waves of the fasting mode begin. 
With control of the IMMC waves dependent on the timing of the fed mode and the 
manner in which the fed mode is induced, the particle size and retention are subject to 
5 uncertainty, and the duration of the retention is at times, and in some individuals, less 
than desired. 

Induction of the fed mode by pharmacological means is reported in the 
literature, particularly by J.N. Hunt and his co-workers (J. Physiol 201:327(1968)). The 
most potent pharmacological agents reported for this purpose are straight-chain fatty 

10 acids with optimal activity at a chain length in the vicinity of 12 carbons. Use of these 
agents for maintaining the fed mode for a period of hours in dogs or humans, however, 
requires dosages in the range of 0.5 g to 1 g. Other agents that have been reported to 
induce the fed mode are glucose and tryptophan, but these require even higher dosages. 
John Stephens and co-workers {Am. J. Physiol (1976) 231:848-853 and Gastroenterol 

15 (1975) 69:920-927) reported that amino acids such as glycine, arginine and tryptophan 
slowed gastric emptying in dogs when administered in excess of 1 g similar to results 
obtained for glucose. The literature reports that all of these agents, with the exception of 
tryptophan, slow gastric emptying by their osmolarity and consequently fail to suggest 
any potent specific agents. The low potency of these reported agents makes it difficult to 

20 incorporate them in effective amounts in a sustained-release oral dosage form such as a 
capsule or tablet since the capsule or tablet must be small enough for ingestion and yet 
contain effective amounts of the agent, the drug, and any excipients needed for 
controlling the release of the drug. 

R. Groning and G. Heun {Drug Dev. Ind Pharm. 10:527 (1984) and Int. J. 

25 Pharmaceut. 56:1 1 1 (1989)) incorporated salts of myristic acid (the 14-carbon fatty acid) 
into a double capsule or two-layer immediate release dosage form containing either 
riboflavin or nitrofurantoin as active drugs. These salts are not of high potency, however, 
and the amounts administered, 107.5-165 mg per dosage form, had only a marginal effect 
on gastric retention, increasing the retention time by only about 1 to 2 hours. An agent 

30 that can be incorporated into a dosage form at a low dose and yet achieve a mean gastric 
retention time of 4-6 hours similar to food has not been reported. 
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SUMMARY OF THE INVENTION 



The present invention resides in the discovery of the ability of certain 
potent substances to cause pharmacological inducement of the fed mode in a patient. 
These substances, hereinafter referred to as c | Ted-mode ind ucing agents^ thus serve as a 
5 jioveLqieans of inducing th e fed mode t hat ^oes^not^ 

These agents can be administered separately or combined with a drug in a single dosage 
form. When combined with a drug, the agents are sufficiently potent that they can be 
incorporated into sustained-release drug delivery systems of a size practical to swallow. 
Included among such delivery systems are unit oral dosage forms that contain both the 
1 0 f ed-mode induc ingji gent and the drug s upported by a solid matrix that is sufficiently 

l arge to promote retention in the stomach during the fed mod^oirt^ ^swdls to such a size 
upon'in^bitiorTof water. The fed-mode inducing agents of this invention are as follows. 

(a) glycine, glycylglycine, and salts of either of these two 
compounds 

1 5 (b) C4-C8 sugar alcohols 

(c) alkali and alkaline earth metal docusates 

(d) B-casomorphins 

(e) dithioorganic acids of the formula 




-(CH 2 )„— C0 2 H 

20 in which n is 3 to 1 3 

(f) 2,2-diaryl-4-(4'-aryl-4 f -hydroxypiperidino)butyramides of the 
formula 




in which: 

25 R 1 is H, lower alkyl, or halo, 



R 2 is H or methyl, 
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R 3 is — CH 2 CH 2 — or — CH(CH 3 )CH 2 — 
R 4 is lower alkyl, and 
R 5 is lower alkyl 

(g) arginine and its salts 

(h) the dipeptide tryptophan-tryptophan ("Trp-Trp") and its salts 

(i) alkyl pyridinium halides of the formula 

1 

CH 2 (CH 2 ) n CH 3 
in which n is 8 to 20 and X is halide 
(j) dihydroxy benzoic acids 
and highly potent food sweeteners, such as 

(k) stevioside 

(1) aspartame and other alkyl esters of N-L-a-aspartyl 

L-phenylalanine 
(m) aspartic acid and its salts 

(n) 3 5 4-dihydro-l,2,3-oxathiazin-4-ones of the formula 




O 

in which R l and R 2 are the same or different and each is 
either a hydrogen atom or an alkyl group having no more 
than ten carbon atoms, and salts of these 3 5 4-dihydro-l,2,3- 
oxathiazin-4-ones 

In certain embodiments of this invention, the fed mode inducing agent is 

incorporated into a sustained-release drug delivery system that combines the benefits of 

^swe llable particl es with a pharmacologically induced fed mode to retain the drug delivery 

system in the stomach of the patient independently of the dietary habits or digestive 

cycles of the patient. Drug administration is thereby achieved with a high level of control 

over the site of drug delivery. The invention in these embodiments is a single dosage 

\ 

form for oral administration that includes both a solid-state drug dispersed or otherwise 

/V — 



retained in a solid matrix of a water-swellable polymer.^andjone or more of the fed mode 



state drug aisper: 
^ndj one or mor 



inducing agents listed above. The water-swellable polymer matrix is in the form of 
particles that are small enough for oral administration yet rapidly swell upon imbibition 
of water from gastric fluid to a size sufficiently large that they are retained in the stomach 
for several hours during the fed mode. The swollen particles maintain their size long 
5 enough to be held in the stomach for the desired duration of drug delivery, which is 

generally in excess of several hours. The matrix may be susceptible to de compos ition by 
the action of components in the gastric fluid, or it may tend to dissolve inthe gastric fluid, 
but in either case at a rate slow enough to maintain the retention-promoting size for the 
desired duration. The drug itself is c usually soluble or partially soluble in gastric fluid, yet 
1 0 is released from the matrix into the fluid at a limited rate due to the characteristics-of the 
matrix. The fed mode releasing agent may be incorporated into the dosage forrr^ or \ 
applie das a separate layer or coating ov er the dosage form, in a manner that will cause 
the agent to be released immediately upon contact with the gastric fluid, thereby 
imparting its full effect of inducing the fed mode as soon as the dosage form reaches the 

1 5 stomach. Alternatively, the agent may be formulated or incorporated in a manner that 

^ — - 

will result in prolonged or sustained release of the agent itself, thereby imparting its fed 
mode inducing effect in a continuous and sustained manner. 

Jn other em bodiments of this invention, the fed mode inducing agent is 
administered in a jion^s^Uingjr iatrix e ither prior to or concurrently with the drug of 
20 interest, the fed mode inducing agent and the drug being in separate dosage forms. 
Administered in this manner, the agent can still improve the bioavailability of drugs 
formulated for immediate release and of many drugs that are administered as powders. 
When administered in a dosa ge form separate from the drug, the agent can be 
incorporated in a tablet or capsule, which can be immediate release (of^istained release. 
25 ^Whenjthe drug and said agent are incorporated in the same dosa ^form, the drug ancT 
agent can occupy dif ferent layers or regions of a capsule or table^o^he two may be 



le dosage form which is sufficiently large to be 
retained in the stomach in the fed mode may be a large non-swelling tablet, a swelling 
tablet, an osmotic pump, a hydrogel or other type of dosage form that swells or expands 
30 upon contact with gastric fluid, or another sustained-release dosage form. 

This invention fu rther resides in pharmaceutical compositions containing a 
drug retained in a solid matrix w hose size is sufficiently large to promote the retention of 
the matrix in the stomach during the fed mode, in combination with a pharmacological 
fed mode inducing agent that is retained in a solid matrix, enclosure, or other material or 



device that is configured to release the fed mode inducing agent into the stomach in a 
sustained manner. Fed mode inducing agents contemplated for this aspect of the 
invention are those whosepaESHcy is sufficiently great that onset of the fed mode occurs 
upon release o f as l ittle as 500 mg of the agent or less. 



5 Details of these and other features and embodiments of the invention are 

provided below. 

DETAILED DESCRIPTION OF THE INVENTION 
AND SPECIFIC EMBODIMENTS 

One group of fed mode inducing agents of this invention is glycine, 
1 0 glycylglycine and salts thereof. The formulas of prominent members of this group are as 
follows 

H 2 N O , . 

I ll glycine 
H 2 C-C-OH 



H 2 N O 
1 1 ll 

H 2 C-C-OH 



HC1 glycine hemihydrochloride 



J 2 



H 2 N O O 
I ll H w 
H 2 C~ C-N- CH 2 — C- OH glycylglycine 

Preferred amounts of this agent in an oral drug unit dosage form are in the range of about 
1 mg to about 500 mg. In the most preferred embodiments of this invention when this 
15 agent is used, the amount ranges from about 5 mg to about 150 mg. 

Further fed mode inducing agents of this invention are those of the group 
defined as sugar alcohols, which are polyols of the general formula 

CH 2 OH— (CHOH)n— CH 2 OH 
in which n is a positive integer. Of particular interest are C4-C8 sugar alcohols, i.e., those 
20 of this formula in which n is 2 to 6. Xylitol, whose formula is 

CH 2 OH— (CHOH) 3 — CH 2 OH 
is a preferred member of this group. Preferred amounts of sugar alcohols in an oral drug 
unit dosage form are in the range of about 30 mg to about 1000 mg. In the most preferred 
embodiments of this invention when this agent is used, the amount ranges from about 
25 1 00 mg to about 800 mg. 
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The alkali and alkaline earth metal docusates of this invention are 

structures in which the anion has the formula 

O C 2 H 5 
II I 

C— OCH 2 — CH — (CH 2 ) 3 — CH 3 

CH 2 
I 

CH — S0 3 
I 

C-OCH 2 — CH— (CH 2 ) 3 — CH 3 
O C 2 H 5 

and the cation is either an alkali metal ion or an alkaline earth metal ion. Calcium and 
5 sodium docusates are preferred, and sodium docusate is particularly preferred. Preferred 
amounts of alkali and alkaline earth metal docusates in an oral drug unit dosage form are 
in the range of about 30 mg to about 1000 mg. In the most preferred embodiments of this 
invention when this agent is used, the amount ranges from about 50 mg to about 400 mg. 

The P-casomorphins of this invention include the naturally occurring 

1 0 peptides released from p-casein by the action of acid and pepsin. These naturally 

occurring peptides include both bovine and human P-casomorphins. The sequence of 
bovine P-casomorphin is Tyr-Pro-Phe-Pro-Gly-Pro-Ile, while the sequence of human 
P-casomorphin is Tyr-Pro-Phe-Val-Glu-Pro-Ile. Also included are fragments and 
synthetic derivatives and analogs of P-casomorphins that have ja-opioid activity and 

15 improved stability in the GI tract to acid and peptidases. These include, but are not 
limited to, Tyr-Pro-Phe, Tyr-Pro-Phe-amide, Tyr-D-Ala-Phe-amide, 
Tyr-D-Ala-Phe-D-Pro-Tyr- amide, Tyr-D-Ala-Phe-Pro-Tyr-amide, 
Tyr-D-Ala-Phe-D-Ala-Tyr-amide, Tyr-Pro-Phe-Pro, Tyr-Pro-Phe-Pro-amide, 
Tyr-D-Ala-Phe-(pCl)Phe-Pro-amide, Tyr-D-Ala-Phe-Pro-amide, Tyr-Pro-Val-Pro-amide, 

20 Tyr-Pro-Phe-Pro-Gly-amide, Tyr-D-Ala-Phe-Pro-Gly-amide, 

Tyr-D-Pro-Phe-Pro-Gly-amide, Tyr-Pro-Phe-Pro-Gly, Tyr-Pro-Phe-Pro-Gly-Pro, 
Tyr-Pro-Phe-Pro-amide, Pro-Phe-Pro-Gly-Pro-Ile, Tyr-Pro-(nMe)Phe-D-Pro-amide, and 
Tyr-Pro-Phe-D-Pro-amide. Preferred amounts of P-casomorphins in an oral drug unit 
dosage form are in the range of about 1 mg to about 300 mg. In the most preferred 

25 embodiments of this invention when an agent of this class is used, the amount ranges 
from about 5 mg to about 150 mg. 

Of the dithioorganic acids of this invention, whose generic formula is 
shown above, the preferred example is a-lipoic acid, the formula of which is 
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(CH 2 ) 4 — COOH 



Preferred amounts of dithioorganic acids in an oral drug unit dosage form are in the range 
of about 30 mg to about 1000 mg. In the most preferred embodiments of this invention 
when this agent is used, the amount ranges from about 40 mg to about 300 mg. 
5 The 2,2-diaryl-4-(4'-aryl-4'-hydroxypiperidino)butyramides of this 

invention, whose generic formula is given above, are synthetic opiates. In the definitions 
associated with this formula, the term "lower alkyl" denotes Cj-C6 alkyl, preferably C1-C3 
alkyl, more preferably methyl or ethyl, and "halo" denotes fluoro, chloro, bromo, or iodo, 
preferably fluoro or chloro, and most preferably chloro. Preferred species are those in 

10 which R 1 is halo, more preferably 4-halo, still more preferably 4-fluoro or 4-chloro, and 
R and R are each either methyl or ethyl. A specific example of a species within the 
generic formula is 4-(p-chlorophenyl)-4-hydroxy-A^A^-dimethyl-a 5 a-diphenyl- 
1 -piperidinebutyramide, which bears the generic name loperamide and is generally 
available as a monohydrochloride salt. Loperamide is commercially available from Ortho 

1 5 Pharmaceutical Corporation, Raritan, New Jersey, USA, under the name IMODIUM as a 
therapeutic agent for controlling diarrhea. The formula for loperamide is 




This compound and other 2,2-diaryl-4-(4 , -aryl-4'-hydroxypiperidino)butyramides are 
disclosed in United States Patent No. 3,714,159 (Janssen et al^ January 30, 1973), the 

20 contents of which are incorporated herein by reference. Preferred amounts of the 2,2- 
diaryl-4-(4'-aryl-4'-hydroxypiperidino)butyramides for use in an oral drug unit dosage 
form in accordance with the present invention are in the range of about 0.5 mg to about 
300 mg. In the most preferred embodiments of this invention when this agent is used, the 
amount-ranges from about 2 mg to about 15 mg. 

25 Arginine has the formula 
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H 2 N-CH— C0 2 H 

CH 2 

CH 2 

NH CH 2 
II I L 
H 2 N-C NH 

Preferred amounts of arginine in an oral drug unit dosage form are in the range of about 
3 mg to about 300 mg. In the most preferred embodiments of this invention when this 
agent is used, the amount ranges from about 30 mg to about 250 mg. 

Salts of glycine and arginine that are suitable for this invention include 
nontoxic salts, preferably cationic salts and hydrohalide or hemihydrohalide salts. The 
sodium, potassium, calcium, hemihydrochloride, and hydrochloride salts are the most 
preferred examples. 

The peptide Trp-Trp has the formula 

O 
II 

H 2 N— CH— C— NH— CH— C0 2 H 

I I 

CH 2 CH 2 

I I 

C=CH C=CH 

^NH I ^NH 




Preferred amounts of Trp-Trp in an oral drug unit dosage form are in the range of about 
0.05 mg to about 300 mg. In the most preferred embodiments of this invention when this 
agent is used, the amount ranges from about 0.5 mg to about 10 mg. 

Salts of Trp-Trp that are suitable for this invention include nontoxic salts, 
15 preferably cationic salts and hydrohalide or hemihydrohalide salts. The sodium, 

potassium, calcium, hemihydrochloride, and hydrochloride salts are the most preferred 
examples. 

Of the alkyl pyridinium halides of this invention, whose formula is shown 
above, the preferred examples are those in which n is 12 to 16 and, separately, those in 
20 which X is chloride, or those in which both n is 12 to 16 and X is chloride. A particularly 
preferred alkyl pyridinium halide is cetyl pyridinium chloride in which n is 14 and X is 
CL Preferred amounts of alkyl pyridinium halides in an oral drug unit dosage form are in 
the range of about 0. 1 mg to about 200 mg. In the most preferred embodiments of this 
invention when this agent is used, the amount ranges from about 0.5 mg to about 50 mg. 
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Of the dihydroxybenzoic acids of this invention, the preferred example is 
gentisic acid or its natural source gentian root. The chemical name of gentisic acid is 2,5- 
dihydroxybenzoic acid, of the formula 

C0 2 H 

HO. 

OH 

Preferred amounts of dihydroxybenzoic acids in an oral drug unit dosage form are in the 
range of about 3 mg to about 300 mg. In the most preferred embodiments of this 
invention when this agent is used, the amount ranges from about 10 mg to about 100 mg. 

The sweetener stevioside has the generic name 13-[(2-0-P-D- 
glucopyranosyl-a-D-glucopyranosyl)oxy]kaur-16-en-18-oic acid [3-glucopyranosyl ester, 
and the formula 




h 3 c- : H 

CO 

CH 2 OH 



HO 
HO 




O 



O 



OH 



formula: 



The alkyl esters of N-L-a-aspartyl L-phenylalanine have the generic 

O O 
II II 

H 2 N— CH-C— NH-CH-C — OR 



CH, 
I 

c=o 

I 

OH 



H 9 C- 
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in which R is lower alkyl, preferably C1-C4 alkyl. Aspartame is the methyl ester, i.e., the 

species in which R is a methyl group. 

Aspartic acid has the formula 

O NH 2 O 

II I 11 

HO-C-CH 2 — CH — C-OH 

5 Of the 3,4-dihydro-l 5 2 5 3-oxathiazin-4-ones of the invention, whose 

formula is shown above, a preferred group is those in which R 1 and R 2 (independently) 

are either H or C1-C4 alkyl, and a more preferred group is those in which R l is C1-C4 alkyl 

and R 2 is H. The most preferred example is that in which R 1 is methyl and R 2 is H. This 

compound is known as acesulfame and by the generic name 6-methyl- 1,2,3 -oxathiazin- 

10 4(3H)-one 2,2-dioxide. Suitable salts of 3,4-dihydro-l,2,3-oxathiazin-4-ones for use in 

this invention are nontoxic salts, particularly cationic edible salts. The potassium, 

sodium, and calcium salts are preferred, particularly as salts of acesulfame. 

Of the sweeteners of this invention, the most preferred is aspartame. 

Preferred amounts of these sweeteners in an oral drug dosage form are in the range of 

15 about 30 mg to about 800 mg. In the most preferred embodiments of this invention where 

sweeteners are used, the amount ranges from about 50 mg to about 400 mg. 

Fed mode indu cing agents in accordance with this invention can be 

incorporated in the dos age forms in any of ya riousj&ays. An agent may, for example, be 
^ "*" — — 

incorporated in such a manner that the agent is released substantially immediately into the 
20 gastric fluid as soon as the dosage form enters the stor^cQ^ ^ltemative ^ agent may 
be incorporated in such a manner that it is released into the gastricflu id in a sustained 
manner, such as by dissolution and diffusion out of a solid matrix in which the agent is 
retained, or by slow erosion of the solid matrix. A still ft^^Taltem^iyfe is a 
combination whereby a portion of the agent is released immediately and the remainder is 
25 released in a sustained manner. In either case, the drug itself is preferably retained in a 



solid matrix that releases the drug from the matrix in a sustained (i.e., continuous and 
prolonged) manner . 

Solid matrices that provide sustained release of substances (drugs, fed 
mode inducing agents, or both) in the practice of this invention may assume any of 
30 various forms. One form is a solid mass impregnated with the substance(s) and releasing 
the substance(s) either by dissolution of the substance(s) into gastric fluid that is 
gradually imbibed by the matrix mass and diffusion of the dissolved substance(s) out of 
the mass. Another is a solid mass impregnated with the substance(s), the mass itself 
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being gradually erodible upon contact with gastric fluid and releasing the substance(s) by 
the process of erosion. A third is an osmotic dispensing device, which is a 
compartmented enclosure with one compartment containing the substance(s) to be 
dispensed and another (or part of the same compartment) that has a permeable wall 
5 through which gastric fluid enters by osmosis. When the device contains separate 

compartments, they are separated by a flexible or movable wall, and the entering gastric 
fluid forces the substance out of the enclosure through a dispensing port. Dispensing of 
the substance(s) thus occurs by osmotic pressure. Disclosures of osmotic dispensing 
devices of this general type are found in United States patents nos. 3,916,899 (inventors 

10 Theeuwes, Felix, et aL, issue date November 4, 1975), 5,340,590 (inventors Wong, 

Patrick S.L., et al. 9 issue date August 23, 1994), and 5,938,654 (inventors Wong, Patrick 
S.L., et al., issue date August 17, 1999). The disclosures of each of these patents are 
incorporated herein by reference. 

For fed mode inducing agents that are released substantially immediately 

1 5 into the gastric fluid, either in whole or in part, such immediate release can be achieved 
by placing most, and preferably all, of the fed mode enhancing agent outside the matrix 
that retains the drug. One way of achieving this is by including the agent in a solid layer 
or solid coating over the matrix. Another way is by adding the agent in powdered form to 
a capsule that also contains the particles of the drug-containing matrix. 

20 When the fed mode inducing agent is contained in a solid layer or coating, 

the layer or coating preferably consists of the agent retained in a water-soluble matrix that 
rapidly disintegrates upon contact with the gastric fluid and thereby releases the agent 
into the fluid. Typical classes of film-forming matrices are cellulosics, vinyls, glycols, 
acrylics, and other carbohydrates. Examples of cellulosics are hydroxypropyl- 

25 methycellulose, hydroxypropylcellulose, hydroxyethylcellulose, carboxymethylcellulose, 
ethyl cellulose, and microcrystalline cellulose. Examples of vinyls are 
polyvinylpyrrolidone, crospovidone, and polyvinyl alcohol. Examples of glycols are 
polyethylene glycols, polyethylene oxides, sodium starch glycolate, and poloxamers. 
Examples of acrylates are dimethylaminoethylmethacrylate, methacrylic acid copolymers 

30 and ethyl acrylate-methyl methacrylate copolymers. Examples of other carbohydrates are 
maltodextrins, polydextrose, lactose and zein. Sodium starch glycolate and 
microcrystalline cellulose are particularly preferred. The proportion of the fed mode 
inducing agent in the water-soluble matrix can vary widely and is not critical. In most 
cases, however, best results will be obtained with a weight ratio of agent to total water- 
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swellable matrix in the dosage form ranging from about 0.5:8 to about 3:5, and preferably 
from about 1 :8 to about 2:8. For highly potent agents, ratios that are considerably lower 
can be used. 

While the preferred amounts of each type of fed mode inducing agent in 
5 accordance with this invention are stated above, the amount of the fed mode inducing 
agent used in general in conjunction with an oral drug dosage form is not critical to this 
invention. Optimal amounts will vary with the type of agent used. For embodiments of 
the invention in which the drug matrix is a water-swellable polymer, the appropriate 
amount of fed mode inducing agent for any particular dosage form will be the amount 
10 that will induce and maintain the fed mode long enough for the particles of water- 
swellable polymer to reach a size that is large enough to be retained in the stomach in the 
fed mode. 

When sustained (/. e. , continuous and prolonged) release of the fed mode 
inducing agent is desired, the agent can be retained in a solid matrix such as that 

15 described above for the drug, and therefore released from the matrix by dissolution and 
diffusion, or by slow erosion of the matrix itself. The agent and the drug may thus both 
be retained in a common solid matrix, or they may be retained in separate solid matrices, 
each forming a distinct layer of a single tablet, or separate tablets. Placement of the agent 
and drug in separate matrices permits the use of different matrices to achieve different 

20 release rates or profiles of the drug and the agent. 

In those embodiments of the invention in which the matrix (containing 
either the drug, the fed mode inducing agent, or both) is a water-swellable polymer, the 
polymer is any polymer that is non-toxic, that swells in a dimensionally unrestricted 
manner upon imbibition of water, and that provides for sustained release of an 

25 incorporated ingredient. Examples of polymers suitable for use in this invention are 
cellulose polymers and their derivatives (such as for example, hydroxyethylcellulose, 
hydroxypropylcellulose, carboxymethylcellulose, and microcrystalline cellulose, 
polysaccharides and their derivatives, polyalkylene oxides, polyethylene glycols, 
chitosan, poly(vinyl alcohol), polysaccharide gums, maleic anhydride copolymers, 

30 poly(vinyl pyrrolidone), starch and starch-based polymers, poly (2-ethyl-2-oxazoline), 
poly(ethyleneimine), polyurethane hydrogels, and crosslinked polyacrylic acids and their 
derivatives. Further examples are copolymers of the polymers listed in the preceding 
sentence, including block copolymers and grafted polymers. Specific examples of 
copolymers are PLURONIC ® and TECTONIC®, which are polyethylene oxide- 



polypropylene oxide block copolymers available from BASF Corporation, Chemicals 
Div. ? Wyandotte, Michigan, USA. 

The terms "cellulose polymer" and "cellulosic polymer" are used herein to 
denote linear polymers of anhydroglucose. Preferred cellulosic polymers are alkyl- 
5 substituted cellulosic polymers that ultimately dissolve in the gastrointestinal (GI) tract in 
a predictably delayed manner. Preferred alkyl-substituted cellulose derivatives are those 
substituted with alkyl groups of 1 to 3 carbon atoms each. Examples are methylcellulose, 
hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 
hydroxypropylmethylcellulose, and carboxymethylcellulose. In terms of their viscosities, 

10 one class of preferred alkyl-substituted celluloses includes those whose viscosity is within 
the range of about 100 to about 1 10,000 centipoise as a 2% aqueous solution at 20°C. 
Another class includes those whose viscosity is within the range of about 1 ,000 to about 
4,000 centipoise as a 1% aqueous solution at 20°C. Particularly preferred alkyl- 
substituted celluloses are hydroxyethylcellulose and hydroxypropylmethylcellulose. A 

15 presently preferred hydroxyethylcellulose is NATRASOL® 250HX NF (National 
Formulary), available from Aqualon Company, Wilmington, Delaware, USA. 

Polyalkylene oxides of greatest utility in this invention are those having 
the properties described above for alkyl-substituted cellulose polymers. A particularly 
preferred polyalkylene oxide is poly(ethylene oxide), which term is used herein to denote 

20 a linear polymer of unsubstituted ethylene oxide. For agents having high solubility in 
water, poly(ethylene oxide) polymers having molecular weights of about 4,000,000 and 
higher are preferred. More preferred are those with molecular weights within the range of 
about 4,500,000 to about 10,000,000, and even more preferred are polymers with 
molecular weights within the range of about 5,000,000 to about 8,000,000. Preferred 

25 poly(ethylene oxide)s are those with a weight-average molecular weight within the range 
of about 1 x 10 5 to about 1 x 10 7 , and preferably within the range of about 9 x 10 5 to 
about 8 x 10 6 . Poly(ethylene oxide)s are often characterized by their viscosity in solution. 
For purposes of this invention, a preferred viscosity range is about 50 to about 2,000,000 
centipoise for a 2% aqueous solution at 20°C. Two presently preferred poly(ethylene 

30 oxide)s are POLYOX® NF, grade WSR Coagulant, molecular weight 5 million, and 

grade WSR 303, molecular weight 7 million, both products of Union Carbide Chemicals 
and Plastics Company Inc. of Danbury, Connecticut, USA. Two other preferred 
pol vfethylene x>xide)s are POLYOX® NF, grade WSR 301, molecular weight 4 million, 
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and grade WSR N60K, molecular weight 2 million, both products of Union Carbide 
Chemicals and Plastics Company Inc. of Danbury, Connecticut, USA. For agents of low 
water solubility, release of the agent from the matrix may be achieved at least in part by 
erosion of the matrix. Poly(ethylene oxide) matrices can be made more erodible by the 
5 inclusion poly(ethylene oxide) of a lower molecular weight (less than 1 ,000,000). 
Mixtures of polyethylene oxides of different molecular weights can also be used 
regardless of the water solubility of the agent. 

Polysaccharide gums suitable for use in this invention include both natural 
and modified (semi-synthetic) polysaccharide gums. Examples are dextran, xanthan gum, 

1 0 gellan gum, welan gum and rhamsan gum. Xanthan gum is preferred. 

Crosslinked polyacrylic acids of greatest utility are those whose properties 
are the same as those described above for alkyl-substituted cellulose and polyalkylene 
oxide polymers. Preferred crosslinked polyacrylic acids are those with a viscosity 
ranging from about 4,000 to about 40,000 centipoise for a 1% aqueous solution at 25 DC. 

15 Three presently preferred examples are CARBOPOL® NF grades 971P, 974P and 934P 
(BFGoodrich Co., Specialty Polymers and Chemicals Div., Cleveland, Ohio, USA). 
Further examples are polymers known as WATER LOCK®, which are starch/-acrylates/- 
acrylamide copolymers available from Grain Processing Corporation, Muscatine, Iowa, 
USA. 

20 The hydrophilicity and water swellability of these polymers cause the 

drug-containing matrices to swell in size in the gastric cavity due to ingress of water in 
order to achieve a size that will be retained in the stomach when introduced during the fed 
mode. These qualities also cause the matrices to become slippery, which provides 
resistance to peristalsis and further promotes their retention in the stomach. For highly 

25 soluble drugs, the release rate of a drug from the matrix is primarily dependent upon the 
rate of water imbibition and the rate at which the drug dissolves and diffuses from the 
swollen polymer, which in turn is related to the solubility and dissolution rate of the drug, 
the drug particle size and the drug concentration in the matrix. For sparingly soluble 
drugs, the release rate of a drug from the matrix is primarily dependent upon the rate of 

30 water imbibition and the rate at which the polymer dissolves in the gastrointestinal fluid 
or erodes due to the action of the fluid. Also, because these polymers dissolve very 
slowly in gastric fluid, the matrix maintains its physical integrity over at least a 
substantial period of time, in many cases at least 90% and preferably over 1 00% of the 
dosing period. The particles will then slowly dissolve or decompose. Complete 
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dissolution or decomposition may not occur until 24 hours or more after the intended 
dosing period ceases, although in most cases, complete dissolution or decomposition will 
occur within 10 to 24 hours after the dosing period. For erodible systems, where the main 
mechanism of drug release is through dissolution of the polymer, dissolution may occur 
5 within 2 to 8 hours. 

The drug is P r £ jj^^^ * n J?gly mer * c mat rix, 

although this is not a req uirement of the present invention. The weight ratio of drug to 
polymer is not critical and may vary. In most cases, however, best results will be 
obtained with a drug:polymer weight ratio within the range of about 1 :9 to about 9:1, 

10 preferably about 1 : 1 to about 9: 1 , and most preferably about 4: 1 to about 9: 1 . For highly 
potent drugs, a much lower ratio may be used. 

The particles are preferably conso lidated into a packed 
event hough they will se parateJnfo^ Conventional 
methods can be used for consolidating the particles in this manner. For example, the 

1 5 particles can be placed in gelatin capsules known in the art as "hard-filled" capsules and 
"soft-elastic" capsules. The compositions of these capsules and procedures for forming 
them are known among those skilled in drug formulations. The encapsulating material 
should be highly soluble in gastric fluid so that the particles are rapidly dispersed in the 
stomach after the capsule is ingested. 

20 . One presently preferred dosage form is a size 0 gelatin capsule containing 

either two or three pellets of drug-impregnated polymer. For two-pellet capsules, the 
pellets are cylindrically shaped, 6 mm in diameter and 10.5 mm in length. For three- 
pellet capsules, the pellets are again cylindrically shaped, 6 mm in diameter and 7 mm in 
length. For a size 00 gelatin capsule with two pellets, the pellets are cylindrical, 7.5 mm 

25 in diameter and 1 1 .75 mm in length. For a size 00 gelatin capsule with three pellets, the 
pellets are cylindrical, 7.5 mm in diameter and 4.8 mm in length. These are merely 
examples; the shapes and sizes can be varied considerably. 

The drugs that serve as therapeutic agents in the oral drug dosage forms of 
this invention range from those of low solubility in gastric fluid, to those of intermediate 

30 solubility and those of high solubility. The dosage form may be adapted to each case. 

With drugs of low or limited solubility, it is preferred that portions of the 
drug be retained in the matrix in solid form for at least about two hours, and yet the drug 
must be sufficiently soluble to permit the diffusion required to achieve its therapeutic 
effect. The solubility should thus be high enough to permit diffusion of the drug from the 
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particle at a rate fast enough to provide an effective level of therapy yet slow enough to 
extend the treatment over the desired duration. Low solubility drugs of particular interest 
are those whose solubility (determined in water at 37°C) lies within the range of about 
0.005% to about 10% by weight, and preferably from about 0.1% to about 5% by weight. 
5 Included among these drugs are those that are effective in eradicating 

Helicobacter pylori from the submucosal tissue of the gastrointestinal tract, particularly 
the stomach. The oral dosage form of this invention improves the effectiveness of these 
drugs in treating stomach and duodenal ulcers as well as gastritis and esophagitis, and in 
reducing the risk of gastric carcinoma. Drugs and drug combinations suggested for these 

1 0 indications include bismuth salts such as bismuth subsalicylate or bismuth citrate, 

metronidazole, and amoxycillin, other antibiotics such as clarithromycin, thiamphenicol, 
tetracycline, neomycin or erythromycin, H-2 antagonists such as cimetidine or ranitidine, 
proton pump inhibitors such as omeprazole, and combinations of these drugs. Preferred 
drugs for this indication are clarithromycin plus omeprazole, a bismuth salt plus 

1 5 metronidazole, amoxycillin plus metronidazole, and amoxycillin or a bismuth salt plus 
omeprazole. 

Sustained-release dosage forms in accordance with this invention are also 
of particular value in the administration of drugs such as peptides and proteins that are 
labile upon exposure to gastric pH or gastric enzymes. These drugs and others of a 

20 similarly large molecular size are most efficiently absorbed in the region extending from 
the lower stomach through the duodenum to the upper part of the small intestine. The 
formulations of this invention physically protect the undissolved portion of the drug 
within the water-swellable matrix until the drug dissolves and is thereby released. This 
results in continuous delivery of undegraded drug at or near this region of high 

25 absorptivity for an extended period of time. Therapeutic agents that otherwise require 
administration by injection can thus provide effective results when administered orally. 
Examples of such agents are calcitonin, calcitriol and ceftriaxone sodium. Further 
examples of therapeutic agents that are not efficiently absorbed from the lower G.I. tract 
and that will therefore benefit from this invention are captopril, simvastitin, cyclosporins, 

30 acyclovir, cephalosporins, interleukins, nitrofurantoin, and the ergot alkaloids. 

Ihe^delrver y^of drugs i n a continuous and prolonged rather than pulse-wise 
manner p rovide s improved therap^ 

Continuous and prolonged delivery also offers both a reduction in side effects associated 
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m 

with the drug(£iKp!he ability to achieve efficac y, w ithje ssf^^ 
Examples of therapies in which this is useful are as follows: 

(1) A reduction in angioedema and agranulocytoses, which are side effects 
arising from the administration of angiotensin-converting enzyme inhibitors such 

5 as enalapril maleate and captopril; 

(2) A reduction of anti-cholinergic (drying) and sedative side effects of 
antihistamines such as clemastine fumarate; 

(3) Prolonged activity for cholesterol lowering drugs such as lovastatin 
with less frequent administration and reduced side effects such as liver 

10 dysfunction, rhabdomyolysis, rash and headache; 

(4) Prolongation of the effects of antidepressant agents such as fluoxetine, 
with a reduction of the side effects of insomnia and stomach upset; 

(5) With the use of antiepileptic drugs such as carbamazepine, the benefit 
of only a single daily administration rather than administration three or four times 

1 5 a day as presently required, and a reduction both of side effects and of response 

variability; 

(6) With potent analgesics such as meperidine, the benefit of steady, 
prolonged control of pain with reduced drug toxicity; 

(7) Less frequent administration, and less irritation upon use of blood 
20 platelet aggregation inhibitors such as ticlopidine; and 

(8) With drugs whose absorption is normally low and highly variable, 
such as cyclosporine, an increase in the amount absorbed and a decrease in 
variability between patients. 

Similar benefits are obtained with other types of drugs. Calcium channel 
25 blockers, such as verapamil, diltiazem, nifedipine, or nicardipine, for example, can be 

administered with controlled delivery and gastric retention to extend their effects through 
the night and thereby alleviate early morning hypertension, the cause of many heart 
attacks. The frequency of administration can also be reduced to a single daily dose. The 
invention also enhances the treatment of gastroesphageal reflux disease by providing 
30 prolonged, localized effects of agents such as pentagastrin, PG-F2, and metaclopramide 
that improves the competency of lower esophageal sphincter (LES) muscles. 

Other drugs that will benefit from the invention include H-2 antagonists 
such as cimetidine and ranitidine, or calcium carbonate, for ulcer treatment and 
prevention; non-steroidal anti-inflammatory agents (NSAIDS) such as indomethacin, 
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ibuprofen, naproxen and piroxicam; steroids such as prednisone, prednisolone and 
dexamethasone; other NSAIDS such as diclofenac and ketorolac; acyclovir for the 
treatment of viral diseases such as herpes; tamoxifen for treatment of cancer; 
chlorpheniramine maleate for allergic disorders; potassium chloride for potassium 
5 supplementation, and peptides or other labile molecules such as protease inhibitors for 
treatment of AIDS. Still further drugs will be apparent to those skilled in pharmacology. 

In aspects of this invention that are directed to highly soluble drugs, the 
drugs thus addressed are those that are characterized by the United States Pharmacopeia 
XXII as at least "freely soluble" in water, i.e., drugs whose solubility is greater than one 

10 part of the drug in about twenty parts of water. Drugs of particular interest are those 
whose solubility is greater than one part in about ten parts of water, and drugs of even 
greater interest are those whose solubility is greater than one part in about three parts of 
water. The parts referred to in this paragraph and throughout this specification are parts 
by weight. Examples of drugs of high solubility to which this invention is applicable are 

15 metformin hydrochloride, vancomycin hydrochloride, captopril, erythromycin 

lactobionate, ranitidine hydrochloride, sertraline hydrochloride, ticlopidine hydrochloride, 
amoxicillin, cefuroxime axetil, cefaclor, clindamycin, doxifluridine, tramadol, fluoxitine 
hydrochloride, ciprofloxacin, gancyclovir, bupropion, lisinopril, and esters of ampicillin. 
Examples of drugs of low solubility to which this invention is applicable are cefaclor, 

20 ciprofloxacin, saguinavir, ritonavir, nelfinavir, clarithromycin, azithromycin, ceftazidine, 
cyclosporin, digoxin, paclitaxel, iron salts, topiramate, and ketoconazole. Other drugs 
suitable for use and meeting the solubility criteria described above will be apparent to 
those skilled in the art. Drugs of particular interest are metformin hydrochloride and 
sertraline hydrochloride. The drug loadings (weight percent of drug relative to total of 

25 drug and polymer) in most of these cases will be about 80% or less. 

The invention is also of use with drugs that have been formulated to 
include additives that impart a small degree of hydrophobic character, to further retard the 
release rate of the drug into the gastric fluid. One example of such a release rate retardant 
is glyceryl monostearate. Other examples are fatty acids and salts of fatty acids, one 

30 example of which is sodium myristate. The quantities of these additives when present 
can vary; and in most cases, the weight ratio of additive to drug will range from about 
1 :20 to about 1:1, and preferably from about 1 :8 to about 1 :2. 

The particulate drug/polymer mixture or drug-impregnated polymer matrix 
can be prepared by various conventional mixing and comminution techniques readily 
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apparent to those skilled in the chemistry of drug formulations. Examples of such 
techniques are as follows: 

(1) Direct compression, using appropriate punches and dies, such as those 
available from Elizabeth Carbide Die Company, Inc., McKeesport, Pennsylvania, 

5 USA; the punches and dies are fitted to a suitable rotary tableting press, such as 

the Elizabeth-Hata single-sided Hata Auto Press machine, with either 15, 18 or 22 
stations, and available from Elizabeth-Hata International, Inc., North Huntington, 
Pennsylvania, USA; and 

(2) Injection or compression molding using suitable molds fitted to a 
10 compression unit, such as those available from Cincinnati Milacron, Plastics 

Machinery Division, Batavia, Ohio, USA. 

When particles are made by direct compression, the addition of lubricants 
may be helpful and sometimes important to promote powder flow and to prevent capping 
of the particle (breaking off of a portion of the sphere) when the pressure is relieved. 

15 Useful lubricants are magnesium stearate (in a concentration of from 0.25% to 3% by 
weight, preferably less than 1 % by weight, in the powder mix), and hydrogenated 
vegetable oil (preferably hydrogenated and refined triglycerides of stearic and palmitic 
acids at about 1% to 5% by weight, most preferably about 2% by weight. Additional 
excipients may be added to enhance powder flowability and reduce adherence. 

20 Different drugs have different biological half-lives, and the frequency of 

administration needed for effective use of any single drug depends on the half-life of that 
drug. When two or more drugs are co-administered in a single dose using dosage forms 
of the prior art, an unfavorable compromise is often required, resulting in an underdose of 
one drug or an overdose of the other. The multi-particle dosage form of this invention 

25 permits different drugs to be placed in different matrix particles, each particle 

individually formulated to provide the release rate and duration that are optimal for the 
particular drug carried by that particle. This can be done by varying the matrix 
composition, the particle size, the particle molecular weights, or any other characteristic 
that affects the release rate and duration. The number of particles carrying individual 

30 drugs can also be varied among the different drugs. For example, a capsule made from 
three particles may contain two particles carrying one drug and one particle carrying the 
other drug. 

Examples of drug combinations for which the formulations of this 
invention are useful are norethindrone plus ethinyl estradiol, a combination useful for 
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fertility control, acetaminophen plus codeine (a potent analgesic combination), captopril 
plus hydrochlorthiazide (a useful cardiovascular combination), clarithromycin plus 
omeprazole (for the eradication of H. pylori), and prednisolone plus cyclosporine (used 
for organ transplantation). In these and other examples, each ingredient can be 
5 individually formulated to achieve a release rate that is optimal for the pharmacokinetics 
and biological activity of each drug. This invention is also useful as a means of co- 
administering drugs that cannot otherwise be combined in a single dosage form due to 
their chemical incompatibility. 

The following examples are offered for purposes of illustration, and are 
10 not intended to limit or to define the invention in any manner. All percents are by weight 
unless otherwise indicated. 



EXAMPLE 1 

Four dogs, all male beagles ranging in age from 10 months to 21 months 
and weighing from 6 kg to 10 kg each, were housed individually and each was fed a 1:1 

15 (weight ratio) wet:dry mixture of food weighing 300 g once daily at 3:00 p.m. Water was 
provided ad libitum. The dogs were fasted for 6-8 hours overnight, preceded by the 
removal of feces and any uneaten food. 

Test formulations were administered in various regimens. In some of the 
tests, the dogs were given an immediate release (IR) regimen in the form of a single 

20 gelatin capsule containing a test species in a selected amount. A simulated controlled 
release (SCR) regimen was used in other tests by administering a gelatin capsule 
containing a test species in a selected amount every half hour. A third regimen was a 
controlled release (CR) regimen, in which the test species was incorporated in a 
compressed tablet of POLYOX 303 and magnesium stearate. (The arginine controlled- 

25 release dosage form, for example, contained 300 mg arginine, 62.5% POLYOX 303 and 
0.5% magnesium stearate, for a total weight of 800 mg, compressed after dry blending 
into a tablet measuring 7.94 x 19.05 mm. A test in which the tablet was immersed in 
simulated gastric fluid indicated that 55% of the arginine was released from this tablet 
within six hours.) Fifteen minutes after the administration of the test formulations in all 

30 cases (or after the beginning of the administration regimen), each dog ingested two 
swelling tablets (weighing 400 mg and 800 mg, respectively, and measuring 6.15 x 
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16.26 mm and 7.94 x 19.05 mm, respectively), each such tablet containing 25% barium 
sulfate (a radiopaque compound). The barium tablets were visualized every thirty 
minutes by fluoroscopy until they left the stomach. The time of the last observation of 
the 800 mg tablet in the stomach was recorded as the retention time. The test group also 
included a negative control using a fasted dog with no test formulations administered, and 
a positive control using a dog that was fed a standard 50 g meal but no test formulations. 

The test results in terms of the retention times in hours are shown in Table 
I, which lists the mean of the results observed among the four dogs as well as the range 
among the dogs for each test. 
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TABLE I 




Fed Mode Inducing Agents 
and Resulting RetentioTTi^^ BaSQ 4 Tablet 










Retention Time (h) 


Test Agent 


Dosage (mg) 


Regimeir ' 


Mean 


Range 


None - fasted 
(Negative Control) 






0.9 ±0.6 


0.5 - 1.7 


None - fed 
(Positive Control) 






4.1 ±0.8 


3-4.5 


Glycine 
hemihydrochloride 


800 


IR 


3.1 ±2.0 


1.5-6 


Xylitol 


600 


IR 


3.1 ± 1.5 


1.5-5 


Na docusate 


200 


(3 


2.6 ± 1.4 


1 -4.5 


P-Casomorphin 


25 


IR 


2.6± 1.1 


1.5-4 


a-Lipoic acid 


150 


IR 


2.8 ± 1.6 


1.5-5 


Loperamide 


0.1 


IR 


2.5 ± 1.3 


1.5-4 


L-Arginine 


300 


CR (b) 


3.6 ± 1.6 


2.5-6 


L-Arginine 


400 


IR 


1.6 ±0.2 


1.5-2 


Trp-Trp 


20 


SCR (C) 


2.8 ±0.3 


2.5-3 


Trp-Trp 


200 


IR 


3.1 ±3.9 


0.5 - 9 
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Trp-Trp 200 IR 2.1 ± 1.8 1 -4.75 

(a) IR: immediate release; CR: controlled release; SCR: simulated controlled release. 

(b) The amount of arginine released by this formulation over a six-hour period was 
estimated at approximately 150 mg. 

(c) Simulated controlled release was achieved by administering 20 mg of the agent 
5 every thirty minutes. 

EXAMPLE 2 

Further tests were performed on a second group of dogs, consisting of five 
female beagles one year in age and weighing 5-7 kg each. The test protocols were the 
same as those in Example 1 except that the dogs were fasted for 24 hours before each test, 
1 0 and the test results are listed in Table II below, which lists the mean of the results 
observed among the five dogs as well as the range among the dogs for each test. 



25 




TABLE II 

Fed Mode Inducing Agents 
and Resulting Retention Times for 7.94 x 19.05 mm BaS0 4 Tablet 



Retention Time (h) 



Test Agent 


Dosage (mg) 


Regimen 


Mean 


Range 


None — fasted 
(Negative Control) 






1.0 ±0.2 


0.75 - 1.25 


None — fed 
(Positive Control) 






5.4 + 0.9 


4-6 








A f\ + 1 S 


9 9<; . S 7S 

- J. / J 


Trp-Trp 


10 


SCR (b) 


2.4 ± 1.8 


0.25 - 4.75 


Trp-Trp 


40 


SCR (C) 


3.4 ± 1.9 


1.25-5.25 


Cetylpyridinium 
chloride 


20 


IR 


4.5 ±2.6 


0.75 - 6.75 


Cetylpyridinium 
chloride 


50 


IR 


4.0 ± 1.3 


1.75-4.75 


Cetylpyridinium 
chloride 


100 


IR 


3.2 ±0.9 


2.75 - 4.25 


Gentian root 
(gentisic acid) 


200 


IR 


2.6 ± 1.4 


1.25-4.75 



(a) Simulated controlled release was achieved by administering 5 mg of the agent 
every thirty minutes. 

(b) Simulated controlled release was achieved by administering 10 mg of the agent 
every thirty minutes. 

(c) Simulated controlled release was achieved by administering 40 mg of the agent 
every thirty minutes. 
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EXAMPLE 3 
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Further tests were performed on the second group of dogs, consisting of 
five female beagles one year in age and weighing 5-7 kg each. The test protocols were 
the same as those in Example 2, except that the controls were replaced by a negative 
control consisting of AVICEL (microcrystalline cellulose, FMC Corporation, 
Philadelphia, Pennsylvania, USA), administered as a simulated controlled release at 
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10 mg every half hour. The test results are listed in Table III below, which lists the mean 
of the results observed among the five dogs as well as the range among the dogs for each 
test. 



TABLE III 

5 Fed Mode Inducing Agents 

and Resulting Retention Times for 7.94 x 19.05 mm BaS0 4 Tablet 



Retention Time (h) 



Test Agent 


Dosage (mg) 


Regimen 


Mean 


Range 


AVICEL 
^rsegaiive v^oniroij 


10 


SCR (a) 


1.4 ±0.6 


0.75 - 1.75 


i ptvlnvn H i tii i lm 
v^t' i y i vj y i ivj.iiiiu.iii 

chloride 


20 


IR 


4.45 + 2.6 


0.75-6.75 


Cetylpyridinium 
chloride 


5 


IR 


4.0 ±2.8 


0.25-6.25 


Glycine 
hemihydrochloride 


20 


SCR (b) 


3.3 ± 1.3 


1.75-5.25 


Glycine 
hemihydrochloride 


50 


SCR (C) 


3.8 ±2.6 


0.75-5.75 


Glycine 
hemihydrochloride 


5 


SCR (d) 


4.0 ± 1.8 


1.25-6,25 


Trp-Trp 


2 


SCR (e) 


4.2 ± 1.1 


2.75-5.25 


Trp-Trp 


0.5 


SCR (0 


4.6 ± 1.7 


2.25-6.25 


Aspartame 


200 


IR 


3.8 + 2.3 


1.75-5.25 


p-Casomorphin 


10 


IR 


3.5 ±2.1 


1.25-5.75 



(a) Simulated controlled release was achieved by administering 10 mg of the agent 
every thirty minutes. 

(b) Simulated controlled release was achieved by administering 20 mg of the agent 
1 0 every thirty minutes. 

(c) Simulated controlled release was achieved by administering 50 mg of the agent 
every thirty minutes. 

(d) Simulated controlled release was achieved by administering 5 mg of the agent 
every thirty minutes. 
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ce) Simulated controlled release was achieved by administering 2 mg of the agent 
every thirty minutes. 

(f) Simulated controlled release was achieved by administering 0.5 mg of the agent 
every thirty minutes. 

5 The foregoing is offered primarily for purposes of illustration. It will be 

readily apparent to those skilled in the art that the components, proportions, dosages, 
formulations, and other parameters of the compositions and methods disclosed herein can 
be modified further or substituted in various ways without departing from the spirit and 
scope of the invention. 
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